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ABSTRACT

The objective of this research is to develop an efficient numerical algorithm with unstructured grids
for the computation of three-dimensional chemical reacting flows that are known to occur in
combustion components of propulsions systems. During the grant period (1996 to 1999), two
companion codes have been developed and various numerical and physical models were
implemented into the two codes.

SUMMARY

Research activities during this grant period were focused on (1) improving the code capabilities of
the CORSAIR and (2) developing an alternative flow solver, FLUX, using a new space-time
algorithm. The individual research activities are summarized as follows.

(1) CORSAIR:

COSRAIR is a general unstructured three-dimensional combustion CFD code. It employs fourth-
order Runge-Kutta time integration scheme. The code is also equipped with a time pre-conditioning
technique to efficiently handle low Mach number compressible flows. The mixed volume grid
approach used in the code greatly enhances the gridding capability that can place a most suitable
type of mesh in any part of the flow domain. The various types of mesh are then combined to
describe the entire geometry. The code is highly parallelized using automatic domain
decomposition that can be run on various workstation platforms and multi-processors. It comes
with a standard turbulence model and uses a wall function for turbulent flow modeling at flow
boundaries. The enhancements for the code are:

1. Implementation of a low-Reynolds turbulence model to ease some of the insistency of using
the original wall function in the code.

2. Implementation of a new non-linear turbulence model with a wall distance model to better
predict turbulent swirling flows.

3. Implementation of a new non-linear turbulence model without wall distance information to
eliminate the lengthy calculation of wall distance in complex three-dimensional geometries
with many wall boundaries.

4. Implementation of an implicit physical time numerical treatment to greatly improve the
stability range of the pseudo-time stepping for low speed transient calculations.

5. Implementation of a generalized chemistry formulation that allows users to easily specify
the species of reacting flows. With this capability, any, user-defined, chemistry kinetics can
be applied directly from the input files without the necessity of having to change the code.
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6.

Compilation of a suite of test cases for benchmark testing of the National Combustion Code
(NCC) beta release, version 1.0. The purpose of this effort is to provide a standard suite of
test cases that are documented with detailed computer time usage, number of processors (or
workstations), running environment and numerical performance in terms of convergence
and solution accuracy for the users and code developers.

(2) FLUX

The FLUX code uses a newly developed space-time numerical algorithm. The new algorithm
utilizes the same mesh structure and thus can share the grid and result data files with CORSAIR.
The strength of the FLUX algorithm is that it may be used for high-speed unsteady computation
and possesses a high-quality shock capturing capability. Both two and three-dimensional, inviscid
and viscous flow capabilities were implemented in the code. The activities for the FLUX code
development are:

1. Development of the first true unstructured mesh code using the space-time numerical
algorithm and extension of the unstructured algorithm to three-dimensional flow
calculations.

2. Demonstration of various low and high-speed flow calculations for both inviscid and
viscous flows.

3. Publication of two papers that document the above developments.
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